Some research has been developed to handle aleatory and epistemic uncertainty in various engineering systems. But in this paper, we have established two methods, namely mass distribution and fuzzy reliability theory, to deal with these uncertainties in non-repairable k-out-ofn: G (F) systems, which has not been seen in the past. In the presented methodology, the failure rate (λ) is taken as a trapezoidal fuzzy number. Using the trapezoidal fuzzy number, expression for α-cut of fuzzy failure rate of every component and corresponding fuzzy reliability function has been calculated. Then, masses to the components are distributed with the help of these fuzzy reliability functions. By using these masses, reliability and MTTF of the considered systems have been computed. At last, a numerical example is taken to demonstrate the present approach.
On the other hand, there are systems where different types of uncertainties about the state probabilities and performance rates of components [6] need to be modelled. There are different ways of classifying uncertainty, but one of the most widely used is to divide it into two types: aleatory uncertainty and epistemic uncertainty. Aleatory uncertainty comes from random processes. It is an irreducible and inherent uncertainty due to probabilistic variability. Epistemic uncertainty is reducible and is encountered due to lack of knowledge. Over the last few years, the reliability community has been increasingly aware that distinguishing between these types of uncertainty is important when evaluating the reliability of systems [18, 19, 22] . In order to remove uncertainties presented within the system, several methods have been proposed, some of which are interval approach, belief functions theory [5] , possibility theory and fuzzy sets [17] , fuzzy exponential distribution [7] , fuzzy Rayleigh distribution [14] , etc.
The universal generating function (UGF) technique first introduced by [10] and greatly extended by [1, 9, 21] is an efficient tool to evaluate the availability of different types of system. The UGF extends the moment-generating function and reduces the computational complexity of the MSS reliability assessment. Thanks to its efficiency, the UGF technique is also suitable for solving different system reliability optimization problems, as it can quickly evaluate system reliability. But in the case of uncertainty, classical UGF is not efficient enough to access the reliability of the system. To remove these uncertainties, it collaborated with different approaches, such as fuzzy set theory and belief theory, and reformulated as fuzzy UGF [26] and belief UGF [20] respectively. To get rid of this situation, Meeenakshi and Singh [15] also introduced probability intervals with hybrid UGF.
On the face of above studies, it is clear that in the past, reliability characteristics such as reliability and mean time to failure of non-repairable k-out-of-n systems are never obtained. Hence, in this study, belief UGF and fuzzy exponential distribution approaches are jointly used to evaluate the reliability of the proposed system. As a result, the proposed method is different from earlier discussed methods. So, the main focus of this paper is to evaluate the reliability characteristics of target systems with the help of belief universal generating function and fuzzy exponential distribution.
Assumptions
In the present model, the following assumptions are taken into account. i) Initially, the system is in good condition. ii) At t=0, all the components are perfectly well and at t > 0, they start operating. iii) All the components are either working or failed. iv) Failure rates of different components are supposed to be different. 
Notations
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Fuzzy Reliability functions
Reliability or survival function S(t) is the probability a unit survives beyond time t. Let the random variable X denote the lifetime of components, which has density function f(x,θ) (lifetime density function) and cumulative distribution function FX(t) = P(x ≤ t). Then, the reliability at time t is defined as:
If the lifetime is supposed to have fuzzy exponential distribution, then we replace λ with fuzzy number .
 If
 is a trapezoidal fuzzy number, say (a1, a2, a3, a4), then its membership , it can be seen that it is a function of two variables, time (t) and alpha ( ).
Mathematical formulation of problem
Consider n independent and non-identical components Gj where j=1,2,...,n. Let gj= 1(0) represent the states: working (failed) of the component j. Also, suppose that there are two types of uncertainties present in the system, namely aleatory and epistemic. In order to remove these uncertainties, one can use the help of mass distribution and the fuzzy reliability theory. In this model, we have combined these two ways and generated a new way to remove the uncertainties existing in the system. 
Reliability evaluation of the considered system by using BUGF
For the survivability of k-out-of-n: G system at least k components must work, and the formula for its reliability function is given by:
For the survivability of k-out-of-n: F system, the number of failed components should be less than k, and the formula for its reliability function is given by:
Here, Ms stands for mass.
Mean time to failure
The mean time to failure is the measure of time between any two consecutive failures. Since the mass of each component depends upon its reliability, it follows an exponential distribution (from equation (1)). From equations (8) and (9), it is clear that the reliabilities are obtained in terms of masses, and ultimately, it can be represented in the form of an exponential distribution. Therefore, the formula for mean time to failure of k-out-of-n:
Numerical Example
Let us consider 2-out-of-4: G and 2-out-of-4: F systems of non-identical and independent components that have two possible states: working and failed. Let j p be the fuzzy probability of the success of the component j (j =1,2,3,4). Diagrammatically the considered system can be shown as depicted in Figure 1 . Since the set of states of each component in the proposed system have two elements, 1 and 0, the power set of state set of each component is the same and is represented by G ={{0},{1},{0,1}}. Let , ij m where i = 1, 2, 3, 4 and j = 1, 2, 3 are the masses of the components 1, 2, 3 and 4 corresponding to elements 1, 2 and 3 of G respectively. With the help of equation (1), we distributed masses among the components, and their variation with time and alpha as given in Tables 4 and 5 . 
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If we express masses in terms of fuzzy probability, then equations (13) and (14) become 
By using these masses, variation of reliability of 2-out-of-4: G (F) from equations (13) and (14) with respect to time (t) and alpha (α) are demonstrated in Tables 6, 7 and displayed in Figures 2, 3, 4 and 5. By using equations (10), (11) , (15) and (16) (17) and (18), changes on MTTF of 2-out-of-4: G (F) with respect to alpha (α) are shown in Table 8 and depicted in Figures 6 and 7 respectively. 
Conclusions
In the proposed work, we considered a non-repairable k-out-of-n: G (F) system by incorporating aleatory and epistemic uncertainties. To tackle these uncertainties, two methods, namely mass distribution and fuzzy reliability theory, are combined.
In this approach, failure rate (λ) is taken as the trapezoidal fuzzy number. Using the trapezoidal fuzzy number (  ), expression for α-cut of fuzzy failure rate  of every component and corresponding fuzzy reliability function are extracted. With the aid of fuzzy reliability function of components, we have distributed masses to the components, and by using these masses, reliability of the target system is evaluated. This approach is demonstrated through 2-out-of-4: G (F) systems, and the obtained results were explained as:
From Table 6 , it is clear that the reliabilities of 2-out-of-4: G (F) decreases with the increment in time. From Table 1 , it is observed that the lower and upper bounds of failure rates increase and decrease respectively with the increment of α. Equations (15) and (16) reveal that the reliabilities of 2-out-of 4: G and 2-out-of-4 (F) depends upon the lower and upper bounds of failure rates respectively. Therefore, the reliabilities of 2-out-of 4: G (F) decreases (increases) as α increases, which can be seen in Table 7 .
Critical examination of Table 1 along with equations (17) and (18) reveals that the MTTF of 2-out-of 4: G and 2-out-of-4 (F) systems are a function of lower and upper bounds of failure rates respectively. Hence MTTF of 2-out-of 4: G and 2-outof-4 (F) systems also decreases (increases) with the increment of α as depicted in Table 8 .
In the future, this methodology can be applied over any industrial and engineering system that has aleatory and epistemic uncertainty.
